Surgical anaesthesia was induced with a ~O@-250 mg dose of ketamine given intravenously to each of 100 adult patients premedicated with nitrazepam 10 mg and droperidol 20 mg taken orally two hours before the injection of ketamine. Surgical operations were then performed with additional doses of ketamine, inhalational agents or pancuronium relaxant: 50 of the patients were maintained with inhalational agents and spontaneous breathing after the ketamine induction; 25 were maintained with intermittent supplementary doses of ketamine and spontaneously breathed air or oxygen; and 25 were fully curarized (pancuronium) for abdominal surgery and were mechanically ventilated with air or oxygen and anaesthesia was maintained with supplementary doses of ketamine 100 mg intravenously at 10-minute intervals. Careful postoperative interrogation of each patient revealed that all were anaesthetized throughout the period of surgery. The nitrazepam-droperidol mixture suppressed the dreams and mental agitation associated with the recovery from ketamine anaesthesia in adults. The mixture also suppressed the muscular catatonia sometimes precipitated by ketamine.
The Prevention of Ketamine Dreams*

MrCHAEL ] OHNSTONEt
The Royal Infirmary, Manchester, England SUMMARY Surgical anaesthesia was induced with a ~O@-250 mg dose of ketamine given intravenously to each of 100 adult patients premedicated with nitrazepam 10 mg and droperidol 20 mg taken orally two hours before the injection of ketamine. Surgical operations were then performed with additional doses of ketamine, inhalational agents or pancuronium relaxant: 50 of the patients were maintained with inhalational agents and spontaneous breathing after the ketamine induction; 25 were maintained with intermittent supplementary doses of ketamine and spontaneously breathed air or oxygen; and 25 were fully curarized (pancuronium) for abdominal surgery and were mechanically ventilated with air or oxygen and anaesthesia was maintained with supplementary doses of ketamine 100 mg intravenously at 10-minute intervals. Careful postoperative interrogation of each patient revealed that all were anaesthetized throughout the period of surgery. The nitrazepam-droperidol mixture suppressed the dreams and mental agitation associated with the recovery from ketamine anaesthesia in adults. The mixture also suppressed the muscular catatonia sometimes precipitated by ketamine.
Plethysmographic studies showed that ketamine causes dilatation of the alpha blood vessels, constriction of the beta blood vessels, and blocks the reflex alpha adrenergic vasoconstrictive reaction to surgical trauma.
Ke~amine (Ketalar) is the first of the cyclohexylamine drugs to be released for general use as an anaesthetic agent. Its main disadvantage, as with its predecessor phen-cyclidine, is the high incidence of dreams, delirium and psychomotor agitation which complicate the recovery of consciousness. The complication occurs most frequently in young adults, children being relatively unaffected (Bovill et al. 1971) . The difference between the reactions in adults and children was also noted with phencyclidine (J ohnstone, Evans and Baige11959; Muir, Evans and Mulcahy 1961) . It is not clear whether the apparent absence of psychic disturbances in children is related to the fact that children are poor witnesses of psychic phenomena or whether the disturbances do not occur. Ketamine and phencyclidine are reported to be more effective in relieving the pain of somatic origin than that of visceral origin.
In an attempt to determine the nature of the psychological disturbances associated with the recovery of consciousness after ketamine anaesthesia,' the author on five occasions accepted an oral dose of 300 mg. On each occasion the drug caused a generalized numbness of the skin about 10 minutes after taking it. Muscle joint sense and the non-visual perception of the body image were lost. A brief loss of consciousness occurred on one occasion. The ability to see and to hear persisted on the other occasions, sounds being heard as from a distance. Voluntary movements could be performed with the arms, but the legs seemed to be flaccidly paralysed for several minutes.
. The loss of somatic sensory perception caused a feeling of isolation, weightlessness or levitation. It is not improbable that persons without pharmacological insight may find the feeling unpleasant, if not frightening. Hallucinatory, euphoric or dysphoric phenomena were not experienced on any occasion. This is in contrast to the vivid hallucinations and distortions of visual images caused by phencyclidine (Cl 395) and Cl 400 when taken in similar self-experiments (Johnstone, unpublished work) . Recovery from the effects of the 300 mg dose of ketamin'e was complete 45 minutes after ingestion.
As a result of this work it was decided that the mental excitation and dreams which Anaesthesia and Jntellsive Care, rof. J, .vo. 1, August, UI7:! complicate the return of full consciousness after ketamine anaesthesia may be related to incomplete sensory deprivation and may be of similar aetiology to those which occur during nitrous oxide-oxygen anaesthesia in curarized patients (Harris et aI1971; Meyer and Blatcher 1961) . If this were the case it was hoped that it should be possible to solve the problem by combining ketamine with suitable sedative drugs with the object of maintaining sleep during the period of ketamine action.
Various conventional sedative drugs and drug-combinations, including opiates, hyoscine, droperidol, diazepam and promethazine, have been tried intramuscularly, with little success (Dundee et al. 1970; Bovill et al. 1971) . Opiatehyoscine mixtures improved the situation and were associated with a 36% incidence of agitation and dreams as opposed to 96% in nOll-sedated adult patients undergoing minor surgery with ketamine anaesthesia.
Previous experience indicated that haloperidol 10 mg intra muscularly suppressed the hallucinations which complicate the recovery from phencyclidine anaesthesia (Johnstone 1960) . Haloperidol was considered to be unsuitable for use with ketamine because its efftct is too prolonged and may be associated with Parkinsonian problems in patients not subjected to major surgery. A more recent study (Johnstone 1971 ) of the effects of various oral sedatives~barbiturates, butyrophenones, benzodiazepines, etc.-on the vasoconstrictive reaction to fear showed that the combination of nitrazepam (Mogadon) 10 mg with droperidol 20 mg provided excellent sedation in virtually 100% of patients not afflicted with pain. The droperidol 20 mg by itself had a negligible hypnotic effect, a moderate sedative action, and a prohibitively high incidence of extrapyramidal and dysphoric side-effects. Nitrazepam 10 mg alone gave good sedation but had comparatively little (16%) hypnotic action. Droperidol seemed to potentiate the hypnotic effect of nitrazepam. The nitrazepam completely suppressed the dysphoric and the more severe extrapyramidal reactions to droperidol. The combination of these drugs virtually abolished the alpha vasoconstrictive reaction to fear and had no effect on the alpha vasoconstrictive reactions to cold, pain, surgical stimuli or methoxamine. It was concluded that they have no direct action on the sympathetic nervous system when administered orally.
It was decided to administer the nitrazepam-droperidol mixture orally to selected adults before the induction of ketamine anaesthesia.
METHOD
One hundred patients between the ages of 17 and 47 (mean 29) were selected for study. All had normal cardiovascular, respirat4!lry, endocrine and other systems and were admitted to the hospital to have surgical treatment for relatively minor ailments.
The operations included Cyst9sCOPY, dilatation and curettage of the uterus, haemorrhoidectomy, minor orthopaedic procedures and laparotomies for pelvic surgery. The weights of the patients ranged from 53 to 86 kg (mean 61). Each was premedicated with nitrazepam 10 mg and droperidol 20 mg given orally two hours before the induction of anaesthesia and each was sleepy and co-operative OIl arrival in the operating room. The patients were divided into three groups according to the manlier in which the ketamine was used. Group 1.' 50 patients. Anaesthesia was induced in each with a standard dose of ketamine 250 mg injected intravenously. This is approximately 4 mg/kg. Anaesthesia was then maintained with nitrous oxide, oxygen and halothane 1 ~~ from a Boyle apparatus and Fluotec vaporizer. Atropine 0·5 mg was given intramuscularly immediately after the injection of ketamine. An oropharyngeal airway was inserted when the pharyngeal reflexes were abolished by the inhalational anaesthetics. The operations lasted from seven to 35 minutes. Group 2.' 25 patients.
Anaesthesia was induced in each with a standard dose of ketamine 250 mg intravenously. Anaesthesia was maintained with intermittent doses of ketamine 100 mg intravenously as indicated by the return of somatic reactiolls to surgical stimuli. Spontaneous respiration was maintained in each, using either air or oxygen. No inhalational agents were given. Atropine was not given. Jaw support was used to maintain the patency of the air passages in 22 patients. An oropharyngeal airway was inserted in three patients who developed glottal obstruction. This caused the regurgitation of bile in each, necessitating pharyngeal, laryngeal and endotrachtal suction. The operations in this group lasted from 21 to 40 minutes and the total dose of ketamine ranged from 350 to 550 mg. ~OO mg intravenously mixed with pancuronium (Pavulon) 4 mg and atropine 0·5 mg. Each was manually ventilated with oxygen for two minutes and a cuffed endotracheal tube inserted. Mechanical ventilation with a Blease Pulmoflator was then maintained at 8-101. a minute with either air or oxygen. Inhalational agents were not given. A continuous intravenous infusion of saline was set up in each patient to facilitate the intermittent injections of ketamine and oxytocic drugs as required. The latter were given to patients undergoing hysterotomy. Ketamine 100 mg was given intravenously at 10-minute intervals to each. The range of total dosage for the group was 400-700 mg (mean 540). The pancuronium (4 mg) paralysi:; persisted throughout the operations in all cases and was reversed by neostigmine 2·5 mg and atropine 1·0 mg. The operations lasted from 35 to 65 minutes.
The cardiovascular behaviour of all patients in the three groups was monitcred continuously hy digital (alpha) plethysmography, forearm muscle (beta) plethysomography and electrocardiography. Blood pressures were measured at frequent intervals by brachial cuff occlusiCln. The main purpose of the plethysmography and electrocardiography was to attempt to define the cause of the rises in blood pressure associated with ketamine anaesthesia. Details of this part of the study will be reported separately and reference to it in the present paper will be made to illustrate points which are relevant to the topic under consideration.
Each patient was returned to the ward immediately after the operation and was under continuous supervision by the nursing staff until fully recovered from anaesthesia. No special precautions were taken to ensure quietness and lack of other disturbances during the period of recovery. Each patient was carefully questioned by members of the nursing staff, and by the author independently, at six and 24 hours postoperatively as to whether dreams, awareness of surgery or other unpleasant feelings were experienced during anaesthesia.
RESULTS
The 200-250 mg induction dose of ketamine provided full surgical anaesthesia in all cases. In each case the eyes closed and the patient became unconscious within 30 seconds after the injection. The limb and abdominal muscles became hypotonic and sufficiently relaxed to permit bimanual palpation of pelvic viscera, the placing of the patient in the lithotomy position and other manoeuvres requiring reasonable muscular relaxation. There was no evidence of catatonia or other forms of muscular spasticity like those reported by Bovill et al. (1971) when ketamine was used alone or in combination with opiates. Transient respiratory depression was seen in most patients and many required manual support of the lower jaw to prevent obstruction of the upper air passages during spontaneous respiration. Oro-pharyngeal airways precipitated the vomiting and aspiration of bile in the three patients in Group 2 in whom they were used. It has since been reported that ketamine causes impairment of laryngeal reactivity and gives no protection from the hazards of the aspiration of gastric contents (Taylor and Towey 1971) .
The initial induction dose of ketamine 250 mg in the patients of Group 2 provided surgical anaesthesia lasting from five to 10 minutes, the effect being shorter in the heavier patients. Single incremental doses of 100 mg intIaverJously provided satisfactory results in each instance, as judged by the immediate abolition of the somatic reactions to surgical stimuli. Problems were not encountered in the patients of Group 1 who were given supplementary inhalational anaesthesia. Brisk uterine contraction occurred after the removal of the foetus in the nine patients of Group 3 who had hysterotomies. Each uterus contracted before the injection of the oxytocic drug.
All patients were capable of answering simple questions intelligently but sleepily about 20 minutes after the operations. Those not subjected to painful surgery remained sleepy and dozed quietly for about four hours. The abdominal cases were in severe pain about 30 minutes after the operations. This was controlled with opiates. Fourteen complained of nausea after recovery. None was restless, confused or disorientated. On questioning at six and 24 hours post operatively, no patient had any recollection of dreams, awareness of surgery, or other unpleasantness. Each stated that consciousness was lost after the first injection of ketamine and none was aware of anything until awakening in the ward after the operation. The results provided by the patients of Group 3 indicate that ketamine is equally effective in abolishing surgical pain of both somatic and visceral origins in patients premedicated with a mixture of nitrazepam 10 mg and droperidol 20 mg.
DISCUSSION
The nitrazepam-droperidol mixture was completely effective in suppressing the dreams and mental agitation associated with the recovery of consciousness after ketamine anaesthesia in 100 adult patients. The mode of action of the mixture may be to increase the depth of unconsciousness produced by the ketamine and to ensure the presence ef sleep during the period of recovery from ketamine. At the moment it is impossible to say whether either drug used alone would be equally effective. There is no possibility of using droperidol alone, as it causes a prohibitively high incidence of Parkinsonian crises. The droperidol undoubtedly potentiates the hypnotic effect of nitrazepam, which in turn prevents the Parkinsonian reactions.
Diazepam (Valium) 10-20 mg intravenously is also effective in suppressing the dleams and excitation which may follow ketamine, but it is ineffective when a single dose is given orally or intramuscularly (Dundee et al. 1970; Johnstone 1971). It is interesting to note that the muscular catatonia or spasticity which may be precipitated by ketamine is prevented by the nitrazepamdroperidol mixture. The nitrazepam is probably responsible for this desirable effect as the benzodiazepine drugs are anti-convulsant. Although there are occasional problems in airway maintenance during ketamine anaesthesia, they cannot be solved by the insertion of oro-pharyngeal airways in patients who are trying to breathe spontaneously. The pharyngeal reflexes are active during the deeper planes of ketamine anaesthesia in non-curarized patiems. Manual support of the jaw is the only method which may be regarded as being free from danger in patients breathing spontaneously. There is no evidence to suggest that ketamine is an emetic or anti-emetic substance.
The nitrazepam-droperidol mixture is unsuitable for use on out-patients or in circumstances where the rapid return of full consciousness is desirable as soon as possible after surgery. The mixture causes sleepiness of up to six hours' duration. If ketamine is to be used in the latter circumstances in adults, it is better to supplement it with appropriate doses of diazepam given intravenously before the injection of the ketamine.
The plethysmographic studies showed that ketamine, despite the increases in systolic blood pressure which it causes in most patients, also caused full dilatation of the alpha (digital) blood vessels in all patients and constriction of the beta (muscle) vessels in all except one. The alpha vasodilatation persisted in the face et surgical stimuli, including traction on abdominal viscera, which is the most potent cause of reflex adrenergic constriction of the alpha vessels. This indicates that the drug blocks the sympathetic innervation of the peripheral blood vessels at a level not yet defined. As mentioned previously, this unexpected finding will be the subject of a separate report.
The alpha vasodilator effect of ketamine is helpful in recognizing the need of incremental doses of ketamine in curarized patients ventilated with air or oxygen. It was noticed in the patients of Group 2 that the occurrence of muscular (somatic) reactions to surgical stimuli when the effect of the initial dOSE of ketamine diminished was associated with the onset of digital vasoconstriction.
The supplementary doses of ketamine caused the immediate return of digital vasodilatation. The observation of the behaviour of the volume pulse in a finger by means of a suitable digital plethysmograph (pulse monitor) may provide a reliable indication of the need of further doses of ketamine or other anaesthetic agents when the somatic reaction to surgical trauma during inadequate anaesthesia is blocked by relaxants, Ketamine appears to be suitable for general anaesthesia in circumstances where inhalational methods are undesirable, impracticable or unavailable. It may be used in either curarized or non-curarized patients ventilated with air or oxygen. Unlike all other intravenous anaesthetic agents, it blocks the alpha vasoconstrictive reaction to surgical stimuli in their most severe forms, e.g. traction on abdominal viscera. At the moment it is difficult to explain its hypertensive effect on the blood pressure. The effect is obviously cardiogenic and involves both inotropic and chronotropic activities, although it has been seen in the absence of positive chronotropism. Patients with intact myocardia tolerate the cardiac stimulation, but it is doubtful whether patients with coronary insufficiency would do likewise. In conclusion, it should be stated that the doses of ketamine used in this study, especially the induction doses, may be in excess of those required for anaesthesia in other circumstances, e.g. elderly or debilitated patients. Work is in progress to determine whether smaller doses may be equally effective in patients premedicated with nitrazepam and droperidol.
